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5 BACKGROUND OF THE INVENTION 
Field of the invention: 

The present invention relates to the field of networked computer systems. More 
specifically, the invention relates to a method and apparatus for remote installation of network 
10 drivers and software in a computer system. 

Background information: 

=p Computer systems often communicate information with sources external to the computer, 

If j for example, over one or more networks. This information is frequently sent as smaller packets 

•^\5 of information and transported over various network topologies, such as "Ethernet". The routing 

:p of the information is by various formats, or network protocols, for example, TCP/IP. In order for 

1^ an end computer to receive and utilize the information, the computer must have the appropriate 

ru network protocol driver (hereinafter termed protocol driver). A protocol driver is usually 

=g connected in a computer's internal communication path between the network connection and an 

^^0 end application. 

Figure 1 is a block diagram illustrating media access control (MAC) unit to application 
communication according to the prior art. The block diagram is a simplified illustration of a 
computer system utilizing the Microsoft® Windows operating systems (e.g., Windows 95, 

25 Windows 98, Windows NT, etc.) (Manufactured by Microsoft Corp. of Redmond, Washington). 
Information is initially received, for example, as packets, from the network by a media access 
control unit (MAC) 120. The MAC 120 is used to control access to the physical transmission 
medium on a network. The MAC 120 routes the information to the NDIS 115. The NDIS 115 
is a network driver interface. The NDIS 1 15 receives the information and routes it to the 

30 appropriate protocol driver(s) shown as protocol driver(s) 1 10 (e.g., a TCP/IP driver). The 
protocol driver 1 10 receives the information and routes it to the WINSOCK 105. The 
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WINSOCK is a interface program (Manufactured by Microsoft Corp. of Redmond, Washington). 
The WINSOCK 105 receives the information and routes it to the appropriate application(s) 100. 

At certain times it is useful to insert a different protocol driver into the existing 
communication path (hereinafter termed the binding) between the MAC 120 and the protocol 
driver(s) 1 10. When a new protocol driver is added to the existing binding, a new binding must 
be established which incorporates the new protocol driver. The new binding links the new 
protocol driver to the MAC 120. 

Figure 2 is a block diagram illustrating a prior art technique of inserting an intermediate 
driver in the system of Figure 1. The intermediate driver is used to install a new protocol driver 
on an existing computer system. This method is more fully described in the "README" file for 
the hnSamp intermediate driver sample, IMSAMP.SYS. (Available from Microsoft Corp. of 
Redmond, Washington), 

In this method, the intermediate protocol driver 125 is bound to the NDIS 115. At 
Number 1, the MAC 120 routes information to the NDIS 1 15. At Number 2, the NDIS 115 
receives the information and routes it to the intermediate protocol driver 125. Within the 
intermediate protocol driver 125, the information is passed to the inserted protocol driver 130 
through the new binding. From the inserted protocol driver 130, the information is converted to 
the MAC layer format by MAC 135 in the intermediate protocol driver 1 10. At Number 3, the 
information is then passed from the MAC 135 to the NDIS 1 15 to enable continued routing of 
the information to the protocol driver 1 10. From the protocol driver 1 10, the information passes 
to the WINSOCK 105 and on to the appropriate application(s) 100. 

The above-described prior art method has several limitations that impact its utility, 
particularly when implemented on networks with large numbers of computers. First, the 
intermediate protocol driver software must be manually installed on each computer. An 
individual, for example, a systems technician, must physically go to every computer and 
manually load the intermediate protocol driver software and the new protocol driver. This may 
involve a substantial time investment when many computers are involved simply to load the 
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software. It also results in lost productivity for the computer operator as in-use applications must 
be exited during installation. Second, to enable the operation of the new protocol driver, the 
computer must be shut down and restarted. The necessity of shutdown and restart also requires 
that in-use applications be saved and exited. Where large numbers of computers are involved, 
this may result in large losses of productivity and can be disruptive of services provided by the 
network. 

It should be noted that some operating systems provide mechanisms to remotely distribute 
software over the network. These systems generally include a server to which several computers 
are connected. In a remote distribution, the new software is loaded onto the server and then 
distributed to each of the individual computers, thus reducing installation time. However, even 
with the remote distribution, the installation of an intermediate protocol driver requires a user 
(e.g., a system technician) exit existing in-use applications, perform the installation, shut down 
the computer system, and then restart the computer system to enable operation of the new 
protocol driver. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus for remote installation of network 
drivers and software. According to one embodiment of the invention, there is provided a 
computer implemented method for transmitting an installation application and a rerouting driver 
from a remote host to a first target computer on a network; the first target computer including a 
network driver interface that provides for conmiunication between one or more media access 
control units and one or more protocol drivers according to a set of bindings. The remote host 
transmits to the first target computer a command to cause the first target computer to execute the 
installation application. In response to receipt of the command, the first target computer, 
executes the installation application. Responsive to execution of the installation application, the 
first target computer causes the modification of the network driver interface to insert the 
rerouting driver into the one or more communication paths provided by the set of bindings 
without restarting the first target computer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by referring to the following description and 
accompanying drawings which are used to illustrate embodiments of the invention. In the 
drawings: 

Figure 1 is a block diagram illustrating MAC to application communication according to 
the prior art; 

Figure 2 is a block diagram illustrating a prior art technique of inserting an intermediate 
driver in the system of Figure 1; 

Figure 3 is a block diagram illustrating the static patching of a rerouting driver between a 
MAC and protocol drivers according to one embodiment of the invention; 

Figure 4 is a flow diagram illustrating the remote installation of the rerouting driver 
according to one embodiment of the invention; 

Figure 5 is a flow diagram illustrating the operation of the install application 325 
according to one embodiment of the invention; 

Figure 6 is a flow diagram illustrating the operation of the static patching code 365 
according to one embodiment of the invention; 

Figure 7 is a block of unmodified instruction code from the NDIS 315 prior to insertion 
of static patching code 365; 

Figure 8 is a diagram illustrating the patching of the NDIS 315 to call to one of 
template(s) 350 according to one embodiment of the invention; 

Figure 9 is a flow diagram illustrating the operation of one of template(s) 350 according 
to one embodiment of the invention; 
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Figure 10 is a block diagram illustrating a network with distributed packet based security 
according to one embodiment of the invention; 

Figure 1 1 A is a block diagram illustrating the installation and partial operation of a 
rerouting driver for packet based security according to one embodiment of the invention; 

Figure 1 IB is a block diagram illustrating another part of the operation of the rerouting 
driver for packet based security according to one embodiment of the invention; 

Figure 12 is a flow diagram illustrating the disabling and re-enabling of access to code in 
a multiprocessor system according to one embodiment of the invention; 

Figure 13 is a block diagram illustrating the dynamic patching of a rerouting driver 
between MACs and protocol drivers according to one embodiment of the invention; and, 

Figure 14 is a flow diagram illustrating the operation of the dynamic patching code 1360 
according to one embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following description, numerous specific details are set forth to provide a thorough 
understanding of the invention. However, it is understood that the invention may be practiced 
without these specific details. In other instances, well-known connections, structures and 
5 techniques have not been shown in detail in order not to obscure the invention. 

A method and apparatus for remote installation of network drivers and software in a 
computer system is described. To accomplish this, the invention allows for the remote 
installation of a rerouting driver in such a way that operation of the computer system can 
10 continue during installation, and the computer system does not require a shutdown and restart to 
enable operation of the rerouting driver. 

as} 

|: Figure 3 is a block diagram illustrating the static patching of a rerouting driver between a 

IT J 

MAC and protocol drivers according to one embodiment of the invention. Existing or future 
"^5 bindings resulting from the insertion of the rerouting driver are shown in solid lines. Existing or 
6 future bindings rerouted by the insertion of the rerouting driver are shown in dashed lines. 

^ 3 

^ Figure 3 shows, similar to the prior art, netwo± information, such as packets, received 

by one or more MACs 320 A-i being routed to the NDIS 315. Prior to the installation of the 
%0 static patch, the NDIS 315 routes the information to one or more protocol driver(s) 3 10. The 
protocol driver(s) 310 then routes the information to the WINSOCK 305 for further routing to 
the appropriate application(s) 300. 

Either via remote distribution from a remote host (not shown) or by directly loading, an 
25 install application 325, DLL 330, and rerouting driver 335 are copied to memory in the target 
computer and the install application 325 is started. The install application 325 through the 
interface provided by the DLL 330 (see letters A and B) requests the rerouting driver 335 be 
loaded. The install application 325 requests control code 340 execute binding code 345 to 
establish a new binding between the rerouting driver 335 and at least one MAC 320A (see letter 
30 C). The install application 325 then requests control code 340 install the static patching code 365 
(see letter D). At letter E, the static patching code 365 inserts template jump(s) 375 from the 
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NDIS 315 to template(s) 350 in the rerouting driver 335. Particularly, NDIS 315 contains code 
with generic calls to perform information communication between the MAC(s) 320 and protocol 
driver(s) 310. The static patch replaces each of these calls with a jump to one of the template(s) 
350. Details of the static patching code installation are later described herein with reference to 
Figure 6. The binding may be continued for each MAC 320. After installation, the install 
application 325 may be deleted. At the completion of the static patch, the rerouting driver 335 
has been inserted at the NDIS 315 between the MAC(s) 320 and the protocol driver(s) 310. 

At Number 1, following the static patch, information received by one or more MAC(s) 
320 is routed to the NDIS 315. At Number 2, information destined for protocol driver(s) 3 10 is 
then jumped from one of template jump(s) 375 to one of template(s) 350 in the rerouting driver 
335. At Number 3, information received by the template(s) 350 can be routed to the inserted 
code 355. The inserted code 355 may be a new protocol driver, or another program, for example, 
a security program that can prevent further routing of the information. When the inserted code 
355 is completed, the information is routed back to the template(s) 350. At Number 4, the 
template(s) 350 may route the information on to the protocol driver 310, or the information can 
be discarded if it is not desirable to pass the information further. At Number 5, a return jump to 
the NDIS 315 is executed. 

It should be noted that, following installation of the static patching code 365, there are 
two types of bindings to the NDIS 315 over which the same information will be communicated. 
One binding was established on the initial binding of the NDIS 315 to the rerouting driver 335; 
this binding is represented in Figure 3 as the dashed line between the NDIS 3 15 and the rerouting 
driver 335. The second type of binding is the original binding(s) between the NDIS 3 15 and the 
protocol driver(s) 310; these binding(s) are represented in Figure 3 as the dashed line between the 
NDIS 315 and the protocol driver(s) 310. These bindings are essentially removed by the static 
patching because the rerouting driver 335 intercepts the call to the protocol driver 310 and later 
issues the call to the protocol driver(s) 310 on completion of the inserted code 355. To ensure 
that only one transmission of the information is routed to protocol driver 3 10, the rerouting driver 
335 examines the incoming transmissions to determine if the information is destined for one of 
the protocol driver(s) 3 10 or itself. Information destined for one of the protocol driver(s) 3 10 is 
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passed onto the inserted code 355. Information destined for the rerouting driver 335 can be 
discarded or be utilized for other purposes, for example, security purposes. 

Figure 4 is a flow diagram illustrating the remote installation of the rerouting driver 335 
according to one embodiment of the present invention. At block 400, install application 325, the 
DLL 330, and rerouting driver 335 are remotely copied into the memory of a target computer 
networked from a remote host (not shown). At block 410, install application 325 is started using 
well-known remote service request techniques. It is to be noted that remote installation requires 
the manual installation of the software only at the remote host computer. A systems technician 
loads the software once at the remote host and then the software is copied to the other individual 
computers on the network. Thus, a systems technician does not waste productive time loading 
installation software at each individual computer in a network. 

Figure 5 is a flow diagram illustrating the operation of the install application 325 
according to one embodiment of the invention. Once the install application 325 is started, at 
block 500, install application 325 identifies at least one MAC 320X. When a MAC 320X is 
identified, at block 510, install application 325 requests rerouting driver 335 be loaded. At block 
520, install application 325 requests control code 340 execute binding code 345 to bind rerouting 
driver 335 to MAC 320X. At block 530, install application 325 requests control code 340 
execute the static patching code 365. Operation of the static patching code 365 is further 
described herein with reference to Figure 6. Once the static patching code 365 has been 
executed, at block 540, the install application 325 optionally requests DLL 330 to bind the install 
application 325 to any other MAC(s) 320. When all the MAC(s) 320 have been bound, the 
install application 325 may be deleted. 

Figure 6 is a flow diagram illustrating the operation of the static patching code 365 
according to one embodiment of the invention. At block 600, control code 340 identifies the 
operating system version of the computer system. This step is necessary as static patching code 
365 is selectively configured for different operating system versions. The selective configuration 
is predetermined by evaluating each version of an operating system to determine the offsets of 
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the protocol driver(s) CALLs in the instruction code of the NDIS 315. These addresses can be 
determined using well-known debugging techniques. 

At block 610, control code 340 identifies whether offset data is available for the 
identified operating system version to allow the installation of static patching code 365. If the 
offset data is not present, control code 340 returns to install application 325 for user notification 
(block 660). If the offset data is present, control code 340 identifies the starting memory address 
of NDIS 3 15 instruction code (see block 620). In block 630, control code 340 disables access to 
at least the specific code in the NDIS 315 that will be patched. In certain single processor 
computer systems, block 630 can be performed by disabling all interrupts. Techniques for 
performing block 630 in a multiprocessor computer system are later described herein with 
reference to Figure 12. 

In block 640, the instruction code in the NDIS 315 is statically patched with static 
patching code 365 by overwriting the instructions in each predetermined memory address (using 
the predetermined offsets) with template jump(s) 375 to template(s) 350 in the rerouting driver 
335. The overwriting of the instructions with the static patch code 365 is later described herein 
with reference to Figures 7 and 8. 

At block 650, control code 340 reenables access to the code in NDIS 315 that is now 
patched. In block 660, control code 340 returns to install application 325. The disabling and re- 
enabling of access to the code being patched in the NDIS 315 allows the patching (and thus the 
rerouting driver installation) to be performed without exiting in-use applications and a system 
shutdown/restart. 

Figure 7 is a block of unmodified instruction code from the NDIS 315 prior to insertion 
of static patching code 365. When NDIS 315 reaches instruction "CALL X" in the instruction 
stack, NDIS 315 calls the protocol driver currently identified by the variable "X" (e.g., one of the 
protocol driver(s) 310). During installation of static patching code 365, the instruction "CAT J. 
X" is overwritten with a template jump 375. The overwrite replaces the "CALL X" with a jump 



11 



Attorney Docket No.: 003845.P002 



to one of the template(s) 350 in the rerouting driver 335, so that the template 350 instructions are 
executed instead of the call to the intended routines for the protocol driver X. 

Figure 8 is a diagram illustrating the patching of the NDIS 3 15 to call to one of 
templates(s) 350 according to one embodiment of the invention. The patching involves 
overwriting of the "CALL X" instruction with a template jump 375 - a "JUMP" to a template 
350 address in the rerouting driver 335. It should be noted that the length of the jump instruction 
overwrites both "CALL X" and "<mSTRUCTION 920>" previously shown in Figure 7. The 
"JUMP" is then made to the address of the template 350. The template 350 may include new 
instructions (e.g., instruction 950) in which additional inserted code 355 may be executed or 
called. At the completion of additional inserted code 355, the template 350 would then execute 
the "CALL X" and the other replaced instructions (e.g.,"<INSTRUCTION 920>") and jump back 
to the next address in NDIS 315, i.e., "<INSTRUCTION 930>". In this manner, a static patch to 
the rerouting driver 335 is introduced in the NDIS 315. This overwriting at specific memory 
addresses in the instruction code of the NDIS 315 is repeated until all the calls for that operating 
system are overwritten with different template jumps 375 which correspond to different 
templates 350. 

Figure 9 is a flow diagram illustrating the operation of one of template(s) 350 according 
to one embodiment of the invention. At block 900, a jump from a template jump 375 in the 
NDIS 315 to a template 350 is made responsive to a MAC request. As earlier discussed, this 
MAC request can be to a protocol driver 3 10 or to the rerouting driver 335 due to a dual binding 
estabUshed during installation of the static patching code 365. At block 910, the template 350 
determines if the information is destined for the rerouting driver 335. 

If the information was not destined for the rerouting driver 335, then it was destined for 
one of the protocol driver(s) 3 10 and the information was received through the static patching 
code 365. At block 920, the information is then routed to the inserted code 355. At completion 
of the inserted code 355, the information may or may not be routed to the appropriate protocol 
driver 310 via a CALL, depending upon the outcome of the inserted code 355 instructions. At 
block 930, if the call is to be routed on to the appropriate protocol driver(s) 310, upon return 
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from the inserted code 355, the appropriate protocol driver 310 is called. At block 950, on return 
from the call, then a jump back from the template 350 to the NDIS 315 is executed. 
Alternatively, if the call was not to be routed on to the protocol driver(s) 3 10, the jump back to 
the NDIS 315, at block 950, is executed without routing the information to the protocol driver 
5 310. 



If the information is destined for the rerouting driver 335, the information was received 
through the binding of the NDIS 3 15 to the rerouting driver 335. At block 940, the template 350 
would then execute a predetermined prescribed action. This action could be to discard the 
10 information, or to route the information to other code instructions. At block 950, on return from 
the prescribed action, the return jump back to the NDIS 315 is executed. 

Thus, one embodiment of the present invention provides a method and apparatus for the 

! J I 

ifi remote installation of network drivers and software from a central host computer. The present 
;^5 invention may provide substantial advantages over the prior art techniques, especially when used 
.p on large networks of computers. 

First, the remote installation of the present invention only requires a systems technician to 
-J install the application on a host computer for distribution to individual computers connected to 
fp the host. The remote installation alleviates the need for the system technician to manually load 
the software at each individual computer. 

Second, the remote installation can be accomplished while the in-use system remains 
operating and does not require the shutdown and startup of the system to enable the operation of 
25 the new drivers and/or software. This alleviates the need to save and exit existing applications 
during installation and may result in a preservation of productive work time and system access. 

Third, the prior art described with reference to Figure 2 required that the information 
received by the intermediate protocol driver be converted by the intermediate protocol driver 
30 back into the MAC layer format for routing through the NDIS to the protocol drivers. Thus, a 
packet is converted from the MAC layer to the protocol layer format twice (a first time when 
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originally transmitted from the MAC to the rerouting driver through the NDIS, and a second time 
when transmitted from the intermediate driver to the protocol driver through the NDIS). In 
contrast, the present invention does not require the second conversion to a MAC layer format to 
route the information from the rerouting driver to the protocol driver. 

Although the above-described embodiment of the present invention was described in 
terms of a remote installation, it is to be understood that the invention can be manually installed 
on individual computers if so desired. 

Alternative Embodiments 

The above-described embodiment of the present invention provides a method and 
apparatus for the remote installation of network drivers and software. Another embodiment of 
the present invention utilizes the remote installation embodiment to install a distributed packet 
based security system on one or more individual computers of a network. 

Currently networked computers are vulnerable to electronic intrusions over the network, 
for example, via the Internet. To restrict access to the computers on a network, computer 
networks often employ computer security measures that limit access to the network based on 
selected parameters. 

Figure 10 is a block diagram illustrating a network with distributed packet based security 
according to one embodiment of the invention. Initial access security to the switching network is 
provided by a firewall. A firewall generally blocks access to a system except to those given 
access rights on an individual basis. The access requirements must be continually updated to 
remain current and effective. With large computer networks, maintaining current individual 
access authorizations can be time consuming and difficult to maintain. Therefore, another 
security measure, independent of the an access list, is a packet based security system. 

Due to the ease of installation and/or low cost, the packet based security system can be 
installed on one or more of the server(s) and/or one or more of the individual computers 1000 
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A - i. The packet based security system evaluates the packets of information received over the 
network according to some predetermined standard. 

In one embodiment of the present invention, a rerouting driver for a distributed packet 
based security system is provided which can evaluate received network information against 
predetermined and/or dynamic parameters. Based on those parameters, the system can either 
prevent or allow continued transmission of the information to a protocol driver. In this manner, 
undesirable information is stopped at the NDIS level and does not enter into the protocol driver 
or application level of a computer. Additionally, the invention provides the capability to save the 
non-transmitted information for further security evaluation. Further, the invention can be 
distributed and then installed on individual computers through a remote host while in operation 
(without shutdown and restart of each computer system). 

Figure 1 1 A is a block diagram illustrating the installation and partial operation of a 
rerouting driver for packet based security according to one embodiment of the invention. 
Network information received by one or more MAC(s)l 120 is routed to the NDIS 1115, Prior to 
the installation of the rerouting driver 1 135, the NDIS 1115 routes the information to the protocol 
driver 1 1 10. The protocol driver 1 1 10 then routes the information to the WINSOCK 1 105 for 
further routing to the appropriate application 1 100. 

As previously described, the install/security application 1 125, DLL 1 130, and rerouting 
driver 1 135 are copied to memory in the target computer and the install/security application 1 125 
is started. The install/security application 1 125 through the interface provided by the DLL 1 130 
(see letters A and B) requests the rerouting driver 1 135 be loaded. The install/security 
apphcation 1 125 requests control code 1 140 execute binding code 1 145 to establish a new 
binding between the capturing unit 1 160 in the rerouting driver 1 135 and at least one MAC 1 120, 
referred to as MAC 1 120X (see letter C). The install/security application 1 125 then requests 
control code 1 140 install the static patching code 1 165 (see letter D). At letter E, the static 
patching code 1 165 inserts template jumps 1 175 from the NDIS 1 1 15 to templates 1 150 in the 
rerouting driver 1 135. The binding to the capturing unit 1 160 continues for each of the 
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remaining MACs 1 120 A-i. At the completion of the static patch, the rerouting driver 1 135 has 
been inserted at the NDIS 1115 between the MAC(s) 1 120 and the protocol driver(s) 1 1 10. 

As earlier described, there are now at least two bindings for each MAC. One binding was 
established on the initial binding of the NDIS 1 1 15 to the capturing unit 1 160 in the rerouting 
driver 1 135; this binding is represented in Figure 1 1 A as the dashed line between the NDIS 1 115 
and the capture unit 1 160. The remaining binding(s) are the original bindings between the NDIS 
1115 and the protocol driver(s) 1110 which have been diverted to the rerouting driver 1 135 by 
the static patch (not shown). As a result, for a given packet received from a MAC, the NDIS 
1115 will attempt to CALL at least one of the protocol driver(s) 1110 and the capturing unit 
1 160. However, due to the static patch, each attempt will result in entry into one of the 
template(s) 1 150. The circled numbers 1-5 in Figure 1 1 A illustrate when the NDIS 1115 
attempts to CALL one of the protocol driver(s) 1 1 10, while the circled numbers in Figure 1 IB 
illustrates when the NDIS 1115 attempts to call the capturing unit 1 160. 

With reference to Figure 1 1 A, at Number 1, a request is made to the NDIS 1115 from a 
MAC 1 120. At Number 2, a jump to a template 1 150 is received from the template jump 1 175 in 
the NDIS 1 1 15 (upon an attempted call to the protocol driver 1 1 10). The template 1 150 
determines if the request was destined for the rerouting driver 1 135. If the answer is yes, then 
further actions related to packet based security are taken as later described herein with reference 
to Figure 1 IB. If the answer is no, then the information was destined for a protocol driver 1110 
(the topic of Figure 1 1 A). 

At Number 3, the information is then routed to the filter unit 1 155. The filter unit 1 155 
may include code to evaluate the information to determine if the information should be passed to 
the intended protocol driver 1110. If it is not desirable to pass the information further, the 
information can be discarded or further utilized by the filter unit 1 155 and, at Number 5, a jump 
back to the NDIS 1 1 15 is executed. If the information is determined to be acceptable, the 
information is routed back to the template 1 150. At Number 4, the template 1 150 then routes the 
information to the protocol driver 1 1 10 by performing the CALL X extracted form the NDIS 
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1115 during the patching. At Number 5, on return from the protocol driver 1 1 10 to the template 
1 150, a return jump to the NDIS 1 1 15 is executed. 

Figure 1 IB is a block diagram illustrating another part of the operation of the rerouting 
driver for packet based security according to one embodiment of the invention. Particularly, 
when the NDIS 1 1 15 is attempting to call the rerouting driver 1 135. In this case, at Number 2 a 
jump to template 1 150 is again received from the template jump 1 175 in the NDIS 1115 (upon 
the attempted call the rerouting driverl 135). The template 1 150 determines the request was 
destined for the rerouting driver 1 135. At Number 3, the information is passed to the capturing 
unit 1 160 (e.g., by performing the CALL X extracted from the NDIS 1 1 15 during patching). The 
capturing unit 1 160 then saves the information according to predetermined instructions for 
further security evaluation, and at Number 4, a jump back to the NDIS 1 1 15 is executed. 

In one embodiment, further security evaluation of the information saved by the capturing 
unit 1 160 (hereinafter termed the date) can be performed by another application, such as the 
install/security application. The captured information originates in the system address space 
(e.g., where the protocol drivers, rerouting driver, NDIS and MACs reside). Many applications 
need access to data originating from the system address space. The typical way this is 
accomplished is by making system calls (e.g., I/O APIs). These system calls are not very 
efficient in their use of CPU resources, typically copying memory to and from user address space 
into the system address space. In addition, these system calls also create at least two costly CPU 
state transitions from user to supervisor mode and back to user mode. One option to minimize 
the overhead is to run more of the code in the system address space. Doing this increases the 
difficulty in debugging the software and has the disadvantage of not being able to take advantage 
of multiple CPUs on many operating systems. 

In one embodiment, a shared memory buffer is created between device drivers in system 
address space and application(s) in the user space. In this way an application can get access to 
data in system address space without any more overhead than a memory read. However, it is 
necessary to prevent conditions where a CPU executing driver code may be simultaneously 
modifying memory being accessed by a CPU executing the application. 
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To prevent this situation of simultaneous use, in one embodiment, two counters may be 
used to signal the state of the buffer. One counter ("write count") is the count of the number of 
items written into the memory buffer. Another counter ("read count") is the count of number of 
items read from the buffer. Only the producer modifies the "write count" and only the consumer 
modifies the "read count." If the "read count" is not equal to the "write count", then valid data is 
contained in the buffer. One example of this is shown below. 

Application execution: 
Lx)op: 

if "read count" o "write count" 
Get next buffer 
Read next item 
Process item 
Increment read count 

Else 

Wait for signal 

endif 
Go to loop 

System address execution: 
Loop: 

Wait for incoming data 
Allocate empty buffer 
If allocation failed 

Discard data 

Go to loop 

endif 

Process data 

Write data into buffer 
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Increment write count 

If "write count" = "1 + read count" ; put data into an empty buffer 

Send signal 
Go to loop 

Figures 1 1 A and 1 IB illustrate one embodiment of the present invention that provides 
packet-based security through utilization of the double binding to the NDIS 1115. Particularly, 
any bindings from the NDIS 1 1 15 to the protocol driver(s) 1 1 10 are used to route packets 
through the rerouting driver to the protocol driver(s) 1 1 10. However, the bindings of the 
MAC(s) 1 120 to the rerouting driver 1 135 are used as a mechanism to capture the packets for 
later security evaluation. By providing a separate path for the capturing of the packets for 
security evaluation, a separate context is provided for this capturing process. As is well known 
in the art, the provision of a separate context allows greater programming flexibility during the 
capturing process. 

In an altemative embodiment, the double bindings are not used. Rather, either the 
packets are not captured for later security evaluation or the packets are captured during the 
routing from the NDIS 1 1 15 to the protocol driver(s) 1 1 10. In a system in which the packets are 
captured during the routing from the NDIS 1 1 15 to the protocol driver(s) 1110, each of the 
MAC(s) 1 120 need not be bound to the rerouting driver 1 135 (the optional step 540 from Figure 
5 is not performed). 

For example, in one embodiment of the present invention, using only a single binding to 
the NDIS 1 1 15, information that is deemed acceptable by the filter unit 1 155, is routed to the 
template 1 150 for routing to the appropriate protocol driver 1110. Information that is deemed 
not acceptable by the filter unit 1 155, is then routed back to the template 1 150 for routing to the 
capturing unit 1160. 

Thus, there has been described alternative embodiments of the present invention which 
provide distributed packet based security. The embodiments provide for the intercept and 
evaluation of information packets received over a network by a rerouting driver with associated 
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software. After evaluation, the information may be allowed continued routing to the protocol 
driver. Alternatively, the information may be stopped and/or saved for further security 
evaluations. The embodiments can be remotely distributed and installed on individual computers 
on a remote host while in operation without shutdown and restart of the computer system. 

Further, while the present embodiment describes a system to provide distributed packet 
based security, other embodiments may be practiced by providing other evaluation parameters in 
the filter unit. For example, the filter unit could contain parameters to filter and capture 
information with particular routing information, and in this way monitor utilization of the 
network. 

Also, it should be understood that although the alternative embodiments were described 
in terms of a remote installation, the embodiments can be manually installed on individual 
computers if so desired. 

To avoid the shutdown and restart, access to predetermined instruction code in the NDIS 
should be disabled and then re-enabled to effect the overwriting of the memory addresses with 
static patch code. As above described, this can be done on certain single processor systems by 
disabling and reenabling interrupts. Each of the above-described embodiments can be 
alternatively implemented in multiprocessor systems by disabling and re-enabling access as 
described below. 

Figure 12 is a flow diagram illustrating the disabling and re-enabling of access to code in 
a multiprocessor system according to one embodiment of the invention. At block 1200, in a 
given central processing unit (CPU), the code that is to be modified is brought into the cache of 
the given CPU and is overwritten with "blocking code" to create a first version of the code. The 
blocking code will prevent other CPUs from progressing past this code. While the blocking code 
can be implemented any number of ways, one way is to write code that causes the CPU to loop 
around a serializing instruction. As a result, any of the other CPUs (i.e., the CPUs not 
performing the patch), cannot access (are disabled) the code to be modified. 
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At block 1210, the first version of the code is written from the given CPU's cache into 
shared memory. As a result, if another CPU attempts to execute the code to be modified, it will 
access the blocking code from the shared memory. 

At block 1220, the code beyond the blocking code can now be modified in the given 
CPU's cache as required to create a second version of the code. For example, in one 
embodiment, the code can be overwritten with template jumps to effect the static patch of the 
NDIS. 

At block 1230, the second version of the code is written from the given CPU's cache into 
shared memory. 

At block 1240, the previously inserted blocking code in the given CPU's cache is now 
overwritten with the desired code to create a third version of the code. 

At block 1250, the third version of the code (without the blocking code) is written into 
shared memory. As a result, the patched code is in the shared memory and any CPU that now 
attempts to execute the code at that address will get the patched code. 

Utilizing the above technique allows installation of the above-described alternative 
embodiments of the present invention on single and multiple processor systems. 

The above-described embodiments have been described in terms of a static patch to 
predetermined instruction code addresses on the NDIS. Static patching requires that the offsets 
for the calls in the NDIS be predetermined. However, in certain situations, it is desirable to 
automate the identification of the CALL addresses in the NDIS and/or to accommodate different 
and/or new operating system versions utilizing different addresses. Accordingly, one 
embodiment provides a dynamic patch technique that patches individual instruction code 
locations as information is received from them by the rerouting driver. In this manner, 
incrementally each CALL is patched until all the specific instruction locations from which 
information was passed are patched. 
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Figure 13 is a block diagram illustrating the dynamic patching of a rerouting driver 
between MACs and protocol drivers according to one embodiment of the invention. As 
previously described, the install application 1325, DLL 1330, and rerouting driver 1335 are 
copied to memory in the target computer and the install application 1325 is started. The install 
application 1325 through the interface provided by the DLL 1330 requests the rerouting driver 
1335 be loaded. The rerouting driver 1335 then requests control code 1340 execute binding code 
1345 to establish a new binding between the dynamic patching code 1360 in the rerouting driver 
1335 and every MAC 1320 A-i. 

There is now one binding that will route information to the dynamic patching code 1360 
in the rerouting driver 1335. This binding is represented in Figure 13 as the dotted line between 
the NDIS 1315 and the dynamic patching code 1360. Now the rerouting driver 1335 waits to 
receive a packet of information in order to determine the location in the NDIS 1315 instruction 
code where it must insert a patch. 

At Number 1, information is received by a MAC 1320 from the network. This 
information is forwarded to the NDIS 1315 for routing to the appropriate protocol driver(s) 1310 
and/or the rerouting driver 1335. The NDIS 1315 forwards the information to the protocol driver 
1310 as no patches of the NDIS 1315 have been made. Due to the multiple bindings, the NDIS 
1315 additionally forwards the same information to the dynamic patching code 1360. The 
dynamic patching code 1360 determines if a dynamic patch should be made to the instruction 
code address that sent the information. 

At Number 3, if a dynamic patch should be made to the instruction code address that sent 
the information, a dynamic patch is executed by the dynamic patching code 1360. The dynamic 
patching code 1360 will overwrite the specified code in the NDIS 1315 with a template jump 
1375 to a template 1350 in the rerouting driver 1335. The next time information is passed 
through the NDIS 1315 at that instruction code location, information destined for protocol driver 
1310 will be routed to the dynamic patching code 1360 in the rerouting driver 1335 for further 
action as described below with reference to Figure 14. 
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Figure 14 is a flow diagram illustrating the operation of the dynamic patching code 1360 
according to one embodiment of the invention. At block 1400, the dynamic patching code 1360 
receives a call. As the dynamic patching code is dually bound, this call could be from one of the 
templates or from the NDIS 1315. At block 1410, the dynamic patching code 1360 determines if 
the call is from one of the templates. 

If the answer is yes, the call is routed to the inserted code for further action (see block 
1440). On completion of the inserted code, the call is retumed to the template for further action 
(see block 1450). 

If the answer in block 1410 is no, the call was received from an unpatched part of the 
NDIS 1315. Therefore, action must be taken to patch the instruction code in the NDIS 1315. At 
block 1420, the call information is accessed from the CALL stack. At block 1430, the call is 
patched as previously described. From block 1430, control passes to block 1450. 

Thus, there has been described one embodiment of the present invention which remotely 
installs protocol drivers using a dynamic patch of the NDIS. As some information must pass 
from the NDIS to the protocol driver to establish the location of the NDIS instruction code to be 
patched, the dynamic patch is not as initially effective as the static patch embodiments earlier 
described. 

Embodiments can use combinations of the static/dynamic patching techniques. For 
example, if the data on a given operating system is available, the static patching technique is 
used. However, if the data is not available, the user is notified and/or the dynamic patching 
technique is used. As another example, the static patching technique could be used for all known 
calls and the dynamic patching technique could be installed in case one or more calls were 
missed. 

While the invention has been described in relation to remote installation of protocol 
drivers and packet based security systems, the present invention may also be used for installation 
of other software that utilizes drivers that must be bound to the NDIS to be operational. In 
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addition, while embodiments of the invention have been described in relation to a packet based 
security system, alternative embodiments could be implemented such that other inserted code 
could be utilized to perform other operations with the redundant code. 

It is to be noted that the items shown in Figures 3 - 14 are stored and executed on a 
computer system. Such a computer system stores and communicates (internally and with other 
computer systems over a network) code and data using machine readable media, such a magnetic 
disks, optical disks, random access memory, read only memory, carrier waves, signals, etc. In 
addition, while one embodiment is described in which the parts of the present invention are 
implemented in software, alternative embodiments can implement one or more of these parts 
using any combination of software, firmware, and/or hardware. 

While the invention has been described in terms of several embodiments, those skilled in 
the art will recognize that the invention is not limited to the embodiments described. The method 
and apparatus of the invention can be practiced with modification and alteration within the spirit 
and scope of the appended claims. The description is thus to be regarded as illustrative instead of 
limiting on the invention. 
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